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FOREWORD 


This  report  was  prepared  by  the  University  of  Brussels,  Belgium,  under 
USAF  Contract  No,  AF  6l(052)-225»  The  contract  was  initiated  under  Project  No 
73 5°*  "Refractory  Inorganic  Nonmetallic  Materials,  •  Task  No.  7 3500»  "Ceramic 
and  Cermet  Materials  Development"  ,  The  work  was  administered  under  the  di¬ 
rectorate  of  Advanced  Systems  Technology,  Wright  Air  Development  Division, 
with  Mr.  F.  W.  Vahldiek  acting  as  project  engineer. 

This  report  covers  work  conducted  from  March  1959  through  March  I960. 

The  authors  wish  to  thank  the  Canite  Beige  de  Spectrometrie  de  Masse 
(I.R.S.I.A.)  which  made  available  part  of  the  equipment  used  in  this  report. 
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ABSTRACT 


The  equilibria  2S  and  CaS  ^  Ca  +-  S  hare  been  observed  in 

the  vapor  phase  above  CaS.  Dq(S2)  =  4.4  ^  0.2  e.v.,,  DQ  (SO)=5.4:b  0.2  e.v., 
0o  (CaS)  =  3.7  ±  0.2  e.v.,  and  A  H^g(CaS)  =  5.9  £  0.2  e.v.  have  been 
determined  mass  spectrometrically. 


PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  Is  approved. 
TOR  THE  COMMANDER: 


V.  G.  RAMKE 

Chief,  Ceramics  and  Graphite  Branch 
Metals  and  Ceramics  Laboratory 
Materials  Central 


iiA 


WADD  TR  60-782  Pt  II 


TABLE  OF  CONTENTS 


Page 


DISCUSSION . . . i  .  .  •  .  1 

REFERENCES  ............  .  .6 


© 


W/DD  T*  &Q-7S2  Pt  IT 


O 


MASS  SPECTRGMETRIC  STUDIES  GF  THE*  VAPORIZATION 
OF  SULPHIDES  AND  THE  DISSOCIATION  ENERGY  OF  Sg. 


DISCUSSION 


The  disagreement  between  second  and  third 

law  values  of  the  dissociation  energy  of 

S„(D°(s  ))  obtained  from  equilibrium  measure- 
2  2 

ments  has  been  emphasized  many  years  ago 
A  relations:  ip  was  also  pointed  out  between  the 
heat  cf  combustion  of  SO,  D^lC^),  D°(SO)^and 
D°(S^),  which  should  permit  one  to  choose  one  of 

the  values  allowed  by  observed  predissociations 

o  (2) 

for  D^(S„)  and  D„  (SO)-.  Recent  measurements 

(3) 


O'  2'  O 

do  not  seem  to  settle  the  question 


In  the  vapour  phase  above  (ja 3  we.  have  ob- 

<4.) 

served  by  mass  spectrometry  the  dissociation 
S  ^2S,  •  an  J  CaS^Ca  +  3  and  have  calculated 


Dq(S^)  »  4-. It  ^  0.2  e.v.,  D^(SG)  -  5-4  -  0.2  o.v. 

D©(  CaS)  ^3,?  ±0.2  e.v.  and  ZkH29§lCaS)  -5.9  ±0,2  e. 

Manuscript  released  for  publication  26  March  1960  as  a 
WAPD  Technical  Report. 
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The  mass  apectrometri c  method  has  been  des- 

•11,  •  • 

.  J  ^ - in _ _ _ 1  _  *- 


cribed  previ  usly* 


The  sample  was  heated  In 


a.  molybdenum  Knudsen’cell  ;  provisions  were  made 
to  distinguish  between  residual  ga3  molecules  and 
those  of  the  beam  which  passes  through  a  cooled 
collimation  system  ;  ion  intensities  were  measured 
with  an  electron  multiplier.  Absolute  values  of 
partial  vapour  pressures  were  obtained  from 
f  j  >  1^.  *s  ^©S-SdPed-  current  corres¬ 

ponding  to  a  species  i,  P  the  absolute  temperature 
of  the  AnuJsen  cell,  and  the  sensitivity  fox*  t  : 

(6}  S.  =  (K,/2Wi)1/dla/GA  >  XI  TV^t;  M,  is  its 
1  ■  2  i  i.  i 

molecular  macs,  R  tie  gas  constant,  s  the  area 


ox’  the  effuaicn  orifice  .  nd  t  the  time  necessary 
to  evaporate  the  weight  3^  of  species  i  • 

Brightness  temperatures  of  a  small  threaded  hole 
at  the  bottom  of  the  Knudseti  cell"  have  been  measured 
with  an  optical  pyrometer;  emissivity  and  window 
ccrrecti<  ns  ware  made .  ^ J 
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Dissociation  energies  wer^  calculated  tf  rom: 
D*  =  -  RTlnK  ♦  TAttf?  -  Hq)/T)  (3d  law)  and  ; 

D°  =RdlnK/d( l/T )  (2d  law)  using  free  energy  fun- 

”  (8) 

Ctions  taken  from  Stull  and  Sinks ^  ,  or  for  Caj, 

calculated  by  ooiqparison  of  oxides  and  3ulphide3, 

assuming  Ci  -  390  era  ,  r  =  2.3  A  and  that  only 


I 

the  ground  state  is  important. 

Ionization  cross  sections  were  taken  from 
(9} 

Otvoa  and* Stevenson  and  it  v;as  assumed  that 

those  of  molecules  are  equal  to  the  ^um  of  those  of 

*  • 

the  constituent  atoms,  fhe’r.ass  effect  and.  the 


molecular  effect  cf  the  multiplier 


(10) 


wore  considered 


to  compensate  each  other#  £  pcssibl©  error  of  20 
in  the  temperature  moasuremeric  vculd  lead  tc  an  . 
uncertainty  cf  12%  in  the  second  lew  and 
in  the  third  lav.  values  ;  instead  of  the  assump- 
tions  wade  above,  it  ray  be  reasonable  thfet  the 
product  of  lcnizfcticn  cross  section  am  nult’plier 
gain  is  the  same  for  the  stem  and  for  the  melecule 


(11) 


\ya3T>  T3  SO -762  n  AX 


3 


€>  « 


in  that  case  the  3d  law  D°  values  of  Table  I  are 
increased  by’abcut  +  3.5  kcal.  and  Ad^^CaS) 
diminished  by  the  same  amount. 

f  Q  \  , 

The  data  of  Table  I  and  ^  H^fjCCa)  =  \\2»2  kcal, 
(1/2  3^ )  *  15 - U-  kcal,  the  standard  heat  of 
formation  £  (Sas)  =  110.0^2  kcal^^;  permit 

one  to  caleulate'/kH^ggtGa^)  s  13&  kcal.  The  value 

obtained  from  this  cycle  is  eonsidered  as  more 

♦ 

reliable  than  that  given  in  table  I  (see  remark 
table  ij. 

t?{sl  obtained  here,  .eonblned  with  AH°(S0)^2l>^ 

.  o  2  0 

for  the  reaction  1/2  Sg  <+•  1/2  Qg^SO  definitely 
rules  out  a  value  t£(SC)  smaller  than-  5".2  e.v. 

There  are  peed  spectraacoric  arguments  for 

D°(3h)  2  5-356  e.v.^  ^  rather  than  5.027-e.v.^ 

c 

Our  measurementa  are  not  accurate  enough  to  permit 
one  te  settle  the  question  whether  the  predi- 
asociaticn  at  ty.4.1  e.v.  gives  the  exact  dissociation 
©f  3^^^,  Cr  an  upper  limit  ;  a  value  Dts^)  m  k-2  e.V* 

would  agree  with  our  results  within  the 

accuracy  quoted  in  Table  I,  all  available  data 
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on  D(S  )  and  D(SO)  J  except  appearance  potential 
2  ( 17 ) 

measurements  anti  older  equilibrium  measurements 

(of.  1,2,3,14)  seem  to  be  in  agreement. 
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Table  1.  Heata  of  Vaporization  and  Dissociation  Energies  of  S2  and  CaS 


TCK 

logp(S2 

1  / logp( Ca) 

logp ( OaS /  D^(Sp) 

D°  ( Gas ) 

O. 

HpqB(Cas: 

■HI 

/. 

J  kcal 

kcal 

kcal 

1922 

-5-96 

-6.56 

-6.15 

100  ’ 

1975 

-5.4-6 

-6 . 25 

-5.79 

- 

96.5 

- 

- 

2026 

-5.34 

-6.01 

-5.54 

- 

98.0 

- 

- 

20-48 

-5.04- 

-5.82 

-5.35 

- 

96.4 

- 

- 

2053 

-5.03 

-5.p3 

-p.32 

-7.26 

96.4 

79.8 

151.9 

2070 

-5.18 

-5.88 

-5.42 

-7.03 

98.8 

84.9  ' 

149.0 

2098 

-4-86 

-5.63 

-5.13 

-6.99 

97.3 

80.7 

151.5 

2114.3 

-4-76 

-5-48 

-5.03 

-6 .66 

98.9 

83.7 

151.6 

21 4-4 

-4.60 

-5.38 

-4.90 

-6.72 

96.7 

80.3 

152.2 

2154 

-4.71 

-5.44 

-4-95 

- 

98.8 

- 

_ 

2156 

-a.  64 

-5-38 

-4.p6 

-6.71 

96.8 

80.1 

152.9 

-190 

-4.52 

-5.28 

-4.75 

-6.53 

96.3 

8I.5 

153.6 

2223 

-4.27 

-5.02 

-4.58 

-6.27 

97.4 

81.3 

153.7 

2297 

-3-98 

-4.82 

-4.24 

-5.99 

96.8 

80.3 

155.6 

averag 

e 

97.6 

8I.4 

152.4X* 

s  lo  pe 

method 

108 

95 

129 

proposed  values 

_ 

101  -  5 

86  ±  5 

136  -  10 

a  Decimal  logarithms  of  pressures  in  atmospheres* 

*  T  t  -  H  298  /T  for  this  process  in  based  on  very  scanty  data  on 

®p  (CaS)  (K.  K.  Kelley,  U»S,  Bireau  of  Mines  Bulletin  476, 
Washington  D.  C.  ,  1949) 


WADD  TR  60-782  Pt  II 


8 


aaMissnonn  asiiissnoNn 


o  ©  t?  o’  H 

•  o  OO  0®  Er 

HI  *-.<-*  •  «* 

>_v  » 


•  jf  s; 

r»  •* 

S'M  cr 
■<1*00  *1 
•  o  •  a  k 


?l  Efci 

i  5ssJ 

r»iir 


o  ©  ©„  r  h 

a  o 

,  c  ,?  3  » 

<1  V-  V  ^  C 

.  II  &  9  ~ 

v*  •  #  H 

tr.  *  T  ** 

is  -u  •♦  M  rr 

<  ♦  O  «  H 

9  O  •  U  H- 

•  ^  (9 

«r  f  k  , 

•*  9  o  {P 


;  S%?  if 

c  •  ^ 

S  er  i? 

frv  ►- 


e?  •  ?S 

«*  a  «• 


oCl 

g  Vr 


:  f  r, 
c« 
5Ep"  6 

fJ 

sr  fn 

of.  I*| 

tf.o 

p  * 

j.  i  * 

•  •  * 

<  IT 

*  •  p  » 

*  &S 


s  H 
n  a 

S  "  1 
i?s 
§  •  g 

®  *-»  W 

j.?i 

si;9 

#♦  K3 

Vft 


•  © 

^S? 

*KJ> 
©  *■*  •* 

S’#  r 
r  ?  s 

■  P* 

a  S  a 

p  &  » 

F?S 


2£e| 

ifss 

:*** 

*Sfr 

<  g* 
9  H  C 

*-•  •-•  P  rr 

S  f  >•  ? 
B  5 

g  ?  |  *“ 

? 

§ 


-*9 

I 


i 

_c> 

I 


I 

-rP> 


e- - - ^  — - - -9 


